Abstract. Gastric metastasis from breast cancer is clinically diagnosed rarely. The present study described an interesting and valuable case of gastric metastasis from breast cancer, which showed repeated changes of the molecular subtype with an impact on the choice of treatment. A 42-year-old woman underwent mastectomy with axillary lymph node dissection for an invasive lobular carcinoma of the left breast. The patient received gastroscopy due to an epigastric pain during the adjuvant chemotherapy. The endoscopic examination revealed an erosive lesion at the posterior wall of the gastric body. The gastric lesion was immunohistochemically diagnosed as a metastatic disease from the breast cancer. The patient initially received hormone therapy, according to the subtype of the primary and the metastatic diseases. The gastric lesion initially disappeared; however, a relapsed lesion transformed into luminal human epidermal growth factor receptor 2 type from luminal type. Subsequently, the metastatic lesions underwent repeated subtype changing, which created difficultly when deciding the treatment strategy. The molecular profile of breast cancer can change during the treatment, resulting in the treatment resistance observed in certain cases. Therefore, the optimal treatment must be selected, according to the changed
Introduction
Breast cancer (BC) is the most frequently diagnosed type of cancer and the leading cause of cancer-associated mortality in women worldwide (1) . The molecular profiling of BC, based on gene expression, is useful to characterize this heterogeneous disease. The molecular subtypes of BC provide important predictive and prognostic information. BC can be classified into human epidermal growth factor receptor (HER)2-positive/enriched, hormone-receptor (estrogen and/or progesterone) positive (luminal), positive for both (luminal HER2) or triple negative BC (negative for estrogen and progesteron receptors, and HER2) (2) . The treatment strategy for metastatic BC is designed according to a several factors, including the performance status, site of metastasis and the molecular subtype of the disease (3). The present report described a case of gastric metastasis from BC, which showed repeated changes of the molecular subtype, making it difficult to select the appropriate treatments.
Case report
A 42-year-old woman underwent a mastectomy with axillary lymph node dissection for the left BC in August 2006. The primary tumor was pathologically diagnosed as invasive lobular carcinoma (Fig. 1A and B) , 4.5 cm in diameter, and lymph node metastasis was observed in 37/51 harvested nodes. The disease was stage IIIC, according to the UICC Tumor Node Metastasis (TNM) classification for BC (T3 N3 M0) (4). Immunohistochemical examinations revealed that the hormone receptors were positive, while HER2 status was negative ( Fig. 1C-E) . At 2 months following the operation, the patient underwent an endoscopic examination for a complaint of an epigastric pain, which occurred during the postoperative adjuvant chemotherapy. The gastroscopy revealed an erosive lesion at the posterior wall of the gastric body (Fig. 2) . A biopsy specimen obtained from the gastric lesion contained lobular carcinoma, which was morphologically similar to signet ring cell carcinoma, as frequently exhibited in primary gastric cancer. The immunohistochemical examinations (Fig. 3A) revealed positive staining for hormone receptors, mammaglobin and gross cystic disease fluid protein (GCDFP)-15, which was similar to the findings observed in the primary BC lesion. These findings suggested that the gastric lesion was a metastatic disease from the BC.
The patient received hormone therapy using an aromatase inhibitor following the completion of the adjuvant chemotherapy. About 2 years later, in July 2008, the gastric lesion disappeared successfully by the treatments described above. However, the patient had to restart chemotherapy again in March 2009 due to a relapse of the disease at the fundus, angle and antrum beside the previous body lesion on the stomach. In addition, the molecular subtype of the relapsed lesions had changed to the luminal HER2 type (Fig. 3B ) from the luminal type; therefore, chemotherapy, including trastuzumab, was selected. Subsequently, in July 2012, as the molecular subtype of the disease changed again to the triple negative type (Fig. 3C ), the patient was administered chemotherapy alone. Although she was treated with chemotherapy until May 2014, the accumulating side effects of the treatment made it difficult for her to receive any additional chemotherapy. Surgical resection of the stomach was considered as a therapeutic option since the recurrent disease had only been observed only in the stomach for ~8 years. Laparoscopic total gastrectomy was planned in July 2014; however, only an exploratory laparoscopy was performed due to the disseminated disease on peritoneum in the entire abdomen, which was not diagnosed preoperatively. Chemotherapy was restarted following the operation and the molecular subtype of the disease had changed into luminal type (Fig. 3D ) from the triple negative type in December 2014. A total of 8.5 years have passed since the mastectomy and the patient is still receiving chemotherapy for the gastric metastases and the peritoneal dissemination without occurrence of any other novel lesion.
Discussion
The rate of gastrointestinal (GI) metastasis from BC is considered to be <1% in the clinical setting (5,6), which is markedly lower compared with the 8-35% observed in the autopsy series (7, 8) . Therefore, GI metastasis from BC may often be overlooked due to the lack of serious symptoms. Furthermore, Borst and Ingold (6) demonstrated that the rate of GI metastasis was significantly higher in patients with invasive lobular carcinoma compared with invasive ductal carcinoma (4.5 vs. 0.5%). Similar to the present case, if the gastric lesion appears to be lobular carcinoma, determining the primary site of disease is required for further treatment planning. In such a case, immunohistochemical staining for mammaglobin and GCDFP-15 are useful to distinguish between primary gastric cancer and the metastatic disease from the BC (9,10). Estrogen receptor (ER) and progesterone receptor expression are observed in 32 and 12% of primary gastric cancers, respectively, indicating that their specificity is low (11-13). 
A B C D E
The treatment recommendation for gastric metastases from BC is typically a systemic treatment based on their molecular subtype; however, surgical intervention should be limited to palliation or for certain cases of solitary metastases (14) . The present case was initially treated with hormone therapy following adjuvant chemotherapy. Both the original molecular subtypes of the primary BC and gastric metastases were the luminal type; therefore, treatment using an aromatase inhibitor was selected. Although the metastatic lesions once disappeared, the relapsed lesions were transformed into the luminal HER2 type. The mechanisms contributing to hormone resistance are hypothesized to include loss or modification of the ER expression, regulation of alternative signal transduction pathways, altered expression of specific microRNAs, changes in the balance of co-regulatory proteins and genetic polymorphisms involved in tamoxifen metabolic activity (15) . In the present case, the lesions initially negative for HER2 expression shifted to positive expression. It was therefore suggested that activation of the HER2 signaling pathway was the predominant mechanism underlying the acquired resistance to hormone therapy. A recent study using a mouse xenograft model also demonstrated that 3/26 (11%) tumors originally negative for HER2 became amplified and/or overexpressed upon the acquisition of hormone resistance (16) . Furthermore, Yang et al (17) reported that a HER2 status shift was observed in 17/113 (15.0%) patients who received neoadjuvant chemotherapy (NAC). Among this series, a gain of HER2 was observed in 8/17 patients. The molecular subtype of the patient in the present report further changed to the triple negative type from luminal HER2 type during the treatment. The loss of ER expression is another mechanism associated with hormone resistance, as described above. Whereas, the mechanisms that contribute to trastuzumab resistance include obstacles preventing trastuzumab binding to HER2, upregulation of signaling pathways downstream of HER2, signaling through alternate pathways and failure to trigger an immune-mediated mechanism to destroy tumor cells (18) . Previously, two independent studies reported that the loss of HER2 expression following NAC was observed in 20-27.5% of patients who initially expressed the HER2 protein (19, 20) . It was hypothesized that a change in the molecular subtype in the present case may indicate the acquisition of resistance to the treatment via the activation of an alternative receptor pathway, including pathways involving insulin-like growth factor-1R, epidermal growth factor receptor and c-Met. Another explanation of the subtype change may be that the HER2-positive component of BC was suppressed by trastuzumab and the remaining section of the tumor showed progression. In other words, the subtype change reflected the heterogeneity of BC. In any case, clinicians must carefully monitor the molecular behavior of BC to select the optimal treatment.
In conclusion, it is important to consider the possibility of a subtype change if treatment failure occurs. Repeated biopsies must be performed during the course of the treatment when the primary BC and/or metastatic lesions are available.
